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Preface

This is the instructor’s guide for a module entitled Basics of Industrial Hygiene. 
This module is part of Health Effects of Hazardous Materials , a 3 unit lecture core course in the EHMT Associate Degree and Certificate Program. The course is designed to provide students with instruction in principles of toxicology and industrial hygiene.

The course has been divided into three modules:

•   Module I Basics of Toxicology (2 units)

•   Module II Basics of Industrial Hygiene (1 unit)

This modularization has been designed in such a way that the course can be taught as two separate courses. Module I is 36 hours and therefore represents 2 units. Module II is 18 hours and therefore represents 1 unit.

Modularization will allow the maximum flexibility for individual colleges to meet both traditional educational goals and the immediate needs of local industry. This flexibility is evidenced by the following available options, since the modules can be used in whole or part for:

•   Contract Education 

•    Community Service Classes

•    Degree and Certificate Applicability 

Note to Instructors:  It is suggested that the instructor using this guide become entirely familiar with the lesson plan and student materials prior to starting the course. Changes should be made as needed to reflect current regulations.

Basics of Industrial Hygiene

Module Description

This module presents the basics of industrial hygiene as it applies to hazardous materials. Topics include a discussion on the types of environmental health hazards, exposure limit standards, the use of air monitoring instruments, exposure control methods, personal protective equipment, medical surveillance of toxic substances, an the use of MSDS’s. Sources of information on toxic substances and industrial hygiene are also presented. 

The competencies fulfilled by this course are:

I. Hazardous Materials Handling and Sampling

A. Handles hazardous materials/wastes

1. Identifies, selects, and recommends safety equipment

II. Procedures and Plans for Regulatory Compliance

A. 
Assists in development of organizational goals and prevention plans with relation to hazardous materials/wastes and safety

B. 
Tracks regulatory compliance

1. 
Procures current MSDS’s

2. 
Understands and utilizes information on MSDS’s

Specific objectives are listed for each of the 12 lessons described in this module.

Texts

Suggested Student Text:

Excerpts from the various sources described in the lessons.

Instructor Resources and References are described within this document as well.

Note to Instructors:  It is suggested that the instructor using this module read through all lessons prior to starting the course. In this way, later concepts which are built on earlier activities can be better anticipated and planned for.
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1.  Types of Environmental Health Hazards

Intent and Purpose

By definition, “hazardous materials” pose a “hazard”. In this lesson, the student will learn the definition of a “hazard” and be asked to consider all the different types of hazards that might exist routinely in the workplace or occur in the event of an emergency. Students should also be asked to suggest specific examples for each hazard category. The student will also be briefly introduced to the US DOT and NFPA “Hazard Diamond” classification systems. This will provide an immediate practical connection to hazard analysis and classification. The principal goal of this lesson is for the student to develop the vocabulary to understand a hazard analysis.

This lesson also provides students with: (1) the sources and types of information available dealing with the health effects of hazardous materials; and (2) the professional organizations and career opportunities related to public health and safety, environmental health, and industrial hygiene.

Lesson Objectives

To successfully complete this lesson, the student will be able to:

1. 
Define “hazard.”

2. 
Distinguish between “chemical”, “physical”, and “biological” hazards, and give examples of each.

3. 
Distinguish between a “gas”, a “vapor”, a “mist”, and a “fume.”

4. 
Distinguish between “ionizing radiation” and “non-ionizing” radiation.

5. 
Distinguish between “bacteria” and “viruses.”

6.
 Identify four common occasions of hazardous material exposure.

7. 
Identify the four components of the NFPA Hazard Diamond.

8. 
Explain the NFPA numbering system (from 1 to 4).

9. 
Identify what an “etiologic agent” is.

10.
Differentiate between a “flammable” and “combustible” material (according to the DOT).

11.
Identify the following:

• HESIS

• EPA

• OHEA

• NIOSH

• RTECS

• ACGIH

• AIHA

• ABIH

• CA DHS RCHAS

• CA DHS TSCD

12. 
Identify the four facets to the practice of Industrial Hygiene.

13. 
Describe the role of a Certified Safety Professional.

Lesson Outline

1. 
The lesson is introduced with a definition of “a hazard.”

2. 
The different types of hazards that might exist routinely in the workplace or occur in the event of an emergency are reviewed. 

3. 
The types of Chemical Hazards are differentiated based on their physical state(s), including:

• solids

• liquids

• gases

• vapors

• dusts

• fumes

• fibers

• mists

• mixtures

4. The types of Physical Hazards are considered, including:

•  Fire and Explosion due to ignition, chemical reactions, sudden release of a pressurized gas, etc.

• Oxygen deficiency

• Noise

• Temperature extremes, including heat stress and cold exposure

• Radiation, including both ionizing and non-ionizing 

• Electrical hazards

• Safety hazards such as slippery surfaces and sharp or heavy objects, etc.

5. The types of Biological Hazards are considered, including:

• bacteria

• viruses

• fungi

• poison ivy & oak

6. Common occasions of hazard exposure to chemical substances, including:

• Points of hazardous material measurement or sampling.

• Transfer points for hazardous materials.

• Packaging & unpacking of hazardous materials.

• Process Operations involving hazardous materials, like welding, machining, plating, spray coating,  using cleaning solvents, etc.

• Maintenance activities at sites of hazardous materials.

• Process upsets and releases.

7. 
The student is introduced to commonly used Hazard Classification Systems to see the practical application of hazard identification.

8. 
The U.S. DOT Hazard Class System is briefly presented, by defining and giving examples of a:

• flammable liquid

• combustible liquid

• poison

• etiologic agents

• corrosive material

9. 
The NFPA Hazard Ranking System is presented and examples are used to explain the:

• Health Hazard Potential (Blue)

• Fire Hazard Potential (Red)

• Reactivity Hazard Potential (Yellow)

• Special Hazard Potential (White)

10.
The scope of industrial hygiene is considered, including:

• Anticipation of hazards

• Recognition of hazards

• Evaluation of hazards

• Control of hazards

11.
Sources of Technical Information on Toxic Substances:

Hazard Evaluation System & Information (HESIS)

California Occupational Health Program

2151 Berkeley Way

Berkeley, CA 94704

(415) 540-3014

(800) 233-3360

Environmental Protection Agency (EPA)

Office of Health & Environmental Assessment (OHEA)

(RD-689)

401 M Street; SW

Room 3703

Washington, DC 20460

(202) 382-7345

Environmental Protection Agency (EPA)

Center for Environmental Research Information (CERI)

Office of Research and Development

26 West Martin Luther King Drive

Cincinnati, OH 45268

(513) 569-7562

National Institute for Occupational Safety & Health (NIOSH)

Information Dissemination, C-13

4676 Columbia Parkway

Cincinnati, OH 45226-1998

(513) 533-8287

NIOSH Registry of Toxic Effects of Chemical Substances (RTECS) available from:

U.S. Government Printing Office

Superintendent of Documents

Washington, DC 20402-9325

(202) 783-3238

(213) 894-5841

Poison Centers

Northridge Tox-Center

(818) 885-9888 — for emergencies

(818) 885-8500 — for information

UC-Irvine Poison Control Center

(714) 634-5988

UC-San Diego Poison Control Center

(619) 294-6000

UC-Davis Poison Control Center

(916) 453-3692

(800) 852-7221

UC-San Francisco Poison Control Center

(415) 476-6600

(800) 233-3360

Other References

American Conference of Governmental Industrial Hygienists (ACGIH)

6500 Glenway Ave., Bldg. D-5

Cincinnati, OH 45211-4438

(513) 661-7881

American Industrial Hygiene Association (AIHA)

P.O. Box 8390

345 White Pond Drive

Akron, OH 44320

(216) 873-2442

American National Standards Institute, INC. (ANSI)

1430 Broadway

New York, NY 10018

(212) 354-3300

Association of American Railroads

Bureau of Explosives

50 F St; NW

Washington, DC 20001

(202) 639-2100

California Air Resources Board (CARB)

Stationary Sources Division

Toxic Air Contaminant Identification Branch

(916) 322-7072

California Dept. of Health Services

Reproductive & Cancer Hazard Assessment Section (RCHAS)

2151 Berkeley Way, Annex 2

Berkeley, CA 94704

(415) 540-2084

California Dept. of Health Services

Toxic Substances Control Division (TSCD)

714 P St.

Sacramento, CA 95814

(916) 323-9219

CAL-OSHA

California Dept. of Industrial Services

Right-to-Know Unit

(415) 540-3037

(213) 861-9993

Chemical Industry Council of California

(916) 442-1420

Chemical Manufacturers Association

2501 M St; NW

Washington, DC 20037

(202) 887-1150

Environmental Affairs Agency

Office of Hazardous Materials, Data Management

P.O. Box 2815

Sacramento, CA 95812

(916) 327-1848

Environmental Protection Agency (EPA)

Region IX(415) 

974-8131

Environmental Protection Agency (EPA)

Forms & Publications Distribution Center

Cincinnati, OH

(513) 569-7562

Federal Emergency Management Agency (FEMA)

Region IX

Bldg. 105

Presidio of San Francisco

San Francisco, CA 94129

(415) 923-7187

National Fire Protection Association (NFPA)

1 Batterymarch Park

P.O. Box 9101

Quincy, MA 02169

(800) 344-3555

National Safety Council (NSC)

West Coast Head Office

1111 Triton Drive, Suite 201

Foster City, CA 94404-1217

(800) 848-5588

(213) 385-6461

National Technical Information Service (NTIS)

US Dept. of Commerce

5285 Port Royal Road

Springfield, VA 22161

(703) 557-4434

(703) 487-4780

Nuclear Regulatory Commission (NRC)

1717 H St, NW

Washington, DC 20555

(202) 492-7000

Occupational Safety & Health Administration (OSHA)

Southern California Regional Office

7807 Convoy Court, Suite 160

San Diego, CA 92111

(619) 569-9071

(800) 648-1003

South Coast Air Quality Management District

Air Toxics Control Branch

Hazardous Materials Section

9150 Flair Drive

El Monte, CA 91731

(818) 571-5104

State Water Resources Control Board

Public Affairs

(916) 322-8353

US Dept. of Health & Human Resources (DHHS)

Agency for Toxic Substances & Disease Registry

Chamblee Bldg; 30-S

Atlanta, GA 30333

(404) 452-4100

US Dept. of Transportation

Research & Special Programs Administration

Office of Hazardous Materials Transportation

DHM-11

400 Seventh Street; SW

Washington, DC 20590

(800) 752-6367

(202) 366-4488

U.S. Government Printing Office (GPO)

Superintendent of Documents

Washington, DC 20402-9325

(202) 783-3238

(213) 894-5841

12.
Information on Industrial Hygiene

• Definition of Industrial Hygiene

• Becoming an Industrial Hygienist

• Professional Organizations

• American Industrial Hygiene Association (AIHA)

• American Academy of Industrial Hygiene (AAIH)

13.
Information on the Certified Safety Professional (CSP)

• Definition of a Safety Professional

Suggestions for Development and Presentation

It is important to emphasize the different physical states of chemical hazards since this has great bearing on the route(s) of entry into the human, and thus their potential harm to health (toxicity). Special attention should be paid to clearly differentiating between a gas, a vapor, a mist, and a fume.

A source of confusion is the inconsistent use of the terms “hazard”, “hazardous material”, and “toxic substance”. I would suggest the following:

A hazard is anything having the capacity to cause physical damage (ex: cause a fire to a building) or harm the health of living organisms.

A hazardous material refers to any chemical substance or agent (ex: a microorganism) that poses a physical and/or health hazard.

Those chemical substances or agents (hazardous materials) that have the potential to harm the health of living organisms are called toxic substances. Toxic substances are thus a subset of hazardous materials.

Presentation of the DOT and NFPA Hazard Classification Systems at this time is not intended to be in depth. Some students may already be knowledgeable with one or both of these systems, but all students will have some recognition of the NFPA Hazard Diamond and the DOT hazard placards. The purpose here is to connect the technical vocabulary with the “real world”.

References and Resources

Hazard Analysis:

•  
See pp. 2-13 & 2-14 of HMTRI; Course HMT 280; Hazardous Materials Health Effects, 1988

•  
Read “Hazards”, chap. 2 from: NIOSH/OSHA/USCG/EPA; Occupational Safety and Health Guidance Manual for Hazardous Waste Site Activities; DHHS (NIOSH) Pub. No. 85-115; Oct. 1985; GPO No. 017-033-00426-9; available from: Superintendent of Documents; Government Printing Office; Washington D.C. 20402-9325; (202) 783-3238

•  
Also read: Materials and Their Characteristics, Chap. 2 from: L.V. Cralley & L.J. Cralley; In-Plant Practices for Job Related Health Hazards Control; Vol. 2: Engineering Aspects; John Wiley & Sons; 1989; (800) 225-5945

•  
Also read: “Overview of Industrial Hygiene,” pp. 6-17 (chap. 1) from: B. Plog; Fundamentals of Industrial Hygiene; National Safety Council; 3rd ed (1988); available from National Safety Council; Order Processing; 1815 Landmeier Road; Elk Grove Village, IL 60007-2420; (800) 621-7619 or available from ACGIH; catalog no: 0670; 6500 Glenway Ave.; Bldg. D-7; Cincinnati, OH 45211; (513) 661-7881

Hazard Classification Systems:

•  
See “Hazardous Materials Classification Systems”, chap. 8 from the FEMA/US DOT/US EPA Handbook of Chemical Hazard Analysis Procedures; 1989; (301) 447-1068

•  
NFPA; Fire Protection Guide on Hazardous Materials; 9th ed. (1989); National Fire Protection Association (NFPA); 1 Batterymarch Park; P.O. Box 9101; Quincy, MA 02169; (800) 344-3555

Sources of Technical Information on Toxic Substances:


Also read: “Appendix A; Sources of Help”, pp. 727-765 from: B. Plog; Fundamentals of Industrial Hygiene; National Safety Council; 3rd ed. (1988); available from National Safety Council; Order Processing; 1815 Landmeier Road; Elk Grove Village, IL 60007-2420; (800) 
621-7619 
available from ACGIH; catalog no: 0670; 6500 Glenway 
Ave.; Bldg. D-7; Cincinnati, OH 45211; (513) 661-7881

Schedule and Assignments

This lesson is suggested to take 3 hours of classroom instruction.

Student reading/study assignments are:

•  
“Hazards”(Chap 2) from: NIOSH/OSHA/USCG/EPA; Occupational Safety and Health Guidance Manual for Hazardous Waste Site Activities

• 
“Hazardous Materials Classification Systems (chap. 8) from: FEMA/US DOT/US EPA, Handbook of Chemical Hazard Analysis Procedures
2. Exposure Limits

Intent and Purpose

In this lesson, the student is introduced to how the principles of toxicology are applied to the real world; to the workplace, to the air, and to the drinking water. Exposure limits have been adopted by a number of different groups to protect against harm from short-term and long-term exposures. The student is introduced to the types of exposure limits, the units for expressing the exposure limits, and how to calculate exposure limits for mixtures. The limitations to using these exposure limits is also considered.

Lesson Objectives

To successfully complete this lesson, the student will be able to:

1. 
Compare who the workplace exposure limits were developed for versus the air and water pollutant exposure limits.

2. 
Describe the following terms associated with workplace exposure limits:

• OSHA

• CAL-OSHA

• PELs

• NIOSH

• RELs

• ACGIH

• TLVs

• AIHA

• WEELs

3. Identify for which exposure route most of the workplace limits were designated, and why.

4. Convert between ppm and mg/m3
5. Describe the differences between each of the following types of exposure limits:

• TWA

• STEL

• Ceiling

6. Explain how it is possible for a worker to be harmed from a toxic exposure, even when the TWA limit has not been exceeded.

7. Describe (1) what an IDLH condition is, and (2) explain what a worker is permitted to do under an IDLH condition.

8. Calculate the total combined exposure for mixtures of toxic substances with additive effects on the same target organ.

9. Describe the Delaney Amendment of the Food, Drugs, & Cosmetics Act.

10.Describe four limitations in using the workplace exposure limits.

11.Describe the following terms associated with air pollution exposure limits:

• AAQS

• EPA

• DHS

• CARB

12.Describe the following terms associated with water pollution exposure limits:

• MCLs

• EPA

• DHS

• SWQCB

Lesson Outline

1. 
The lesson is introduced by considering the purpose of setting exposure limits to toxic substances, and including the basis for how they are set.

2. 
The different sources of workplace exposure standards & guidelines are considered, including:

• OSHA

• NIOSH

• ACGIH

• AIHA

3. 
The units for expressing the exposure limit concentrations, and how to perform unit conversions, are presented including:

• ppm (mg/L)

• mg/m3
• mg/m3
4. The types of exposure limits for the workplace are described, including the:

• Time-Weighted Average (TWA)

• Short-Term Exposure Limit (STEL)

• Ceiling Values (C)

• “Skin” Exposures Immediately Dangerous to Life or Health (IDLH) conditions

5. The computation of the total combined exposure from a combination of additive exposures is presented.

6. The problem of exposure limits for carcinogens is considered The limitations to using the workplace exposure limits are considered.

7. The ambient air pollution exposure limits (NAAQS) are considered, including:

• The sources of air pollution exposure standards

• The units for expressing the exposure limit concentrations

8. The drinking water contaminant standards (MCLs) are considered, including:

• The sources of drinking water contaminant standards

• The units for expressing the contaminant level concentrations

Suggestions for Development and Presentation

The student should actually be shown how to read and utilize (1) the OSHA “Permissible Exposure Limits” listed in 29 CFR 1910.1000, Subpart Z, (2) the NIOSH Pocket Guide to Chemical Hazards, and (3) the ACGIH Threshold Limit Values and Biological Exposure Indices. An exercise in looking-up the exposure limits, understanding the various footnotes, and using the appendices will make these tools “user-friendly” to the student.

The student should also have a copy of the NAAQS and the MCLs for drinking water to appreciate how these also serve as exposure limits (indeed, legally enforceable ones at that). Furthermore, the types of toxic substances that are of a health concern can be examined.

A useful exercise would be to ask students to compare the exposure limits for the workplace, the air, and the water for a single substance. For example, inorganic lead (Pb) has a workplace PEL-TWA of 50 mg/m3 (8 CCR Sec. 5155); a NAAQS of 1.5mg/m3; and a drinking water MCL of 50 mg/L. Note the difference between the Pb standard for the workplace, and the significantly lower standard for ambient air. Ask the student to explain the reasons for such a significant difference. (Consider the following: 8 hr exposure per day for 40 years versus 24 hr exposure per day for 70 years; healthy working age people versus infants, elderly, and ill people in the general population.)

References and Resources


See pp. 1-34 to 1-37 and pp. 3-15 to 3-20 of HMTRI; Course HMT 280; Hazardous Materials Health Effects; 1988


Read “Exposure Guidelines” in: EPA Training Manual 165.5: Hazardous Materials Incident Response Operations; available from ACGIH; catalog no: 3110; 6500 Glenway Ave.; Bldg . D-7; Cincinnati, OH 45211; (513) 661-7881


Also read: pp. 3-10 and pp. 46-50 in: Threshold Limit Values and Biological Exposure Indices (latest edition); ACGIH; catalog no: 0670; 6500 Glenway Ave.; Bldg. D-7; Cincinnati, OH 45211; (513) 661-7881


NIOSH; Pocket Guide to Chemical Hazards (NIOSH Pub. No: 85-114); latest edition; available from the U.S. Government Printing Office


See “Toxicity Hazards of Chemical Substances”, chap. 6 from the FEMA/US DOT/US EPA Handbook of Chemical Hazard Analysis Procedures; 1989; (301) 447-1068


Also read: “Industrial Toxicology” (chap. 15) & Appendix B-1 (pp. 769-785) from: B. Plog; Fundamentals of Industrial Hygiene; National Safety Council; 3rd ed (1988); available from National Safety Council; Order Processing; 1815 Landmeier Road; Elk Grove Village, IL 60007-2420; (800) 621-7619 available from ACGIH; catalog no: 0670; 6500 Glenway Ave.; Bldg. D-7; Cincinnati, OH 45211; (513) 661-7881

Schedule and Assignments

This lesson is suggested to take 3 hours of classroom instruction

Student reading/study assignments are:

Pages 1-34 to 1-37 and pp. 3-15 to 3-20 of HMTRI; Course HMT 280; Hazardous Materials Health Effects
“Exposure Guidelines” in: EPA Training Manual 165.5: Hazardous Materials Incident Response Operations
Pages 3-10 and pp. 46-50 in: Threshold Limit Values and Biological Exposure Indices (latest edition)

NIOSH; Pocket Guide to Chemical Hazards (latest edition)

3.  Monitoring of Toxic Substances

Intent and Purpose

The intent of this lesson is to describe the various types of air monitoring instruments that are commonly used. The student will learn the advantages and disadvantages of the different air monitoring devices, and if the instruments are available, see their use demonstrated.

Lesson Objectives

To successfully complete this lesson, the student will be able to:

1. 
Explain the principal uses of air monitoring for toxic contaminants.

2. 
List the limitations of relying on sensory awareness for monitoring the presence of toxic substances.

3. 
Describe the advantages & disadvantages of using Indirect Air Monitoring Instruments, including:

• Low-flow air sampling pumps

• High-flow air sampling pumps

• Passive dosimeter badges

• Radiation film badges

4. Describe the advantages & disadvantages of using Direct-Reading Air Monitoring Instruments, including:

• Indicator tubes

• Indicator badges

• Oxygen monitors

• Combustible Gas Indicator (CGI; explosimeters)

• Hydrocarbon Detector (PID; HNU)

• Radiation meters (Geiger-Mueller Counter)

Lesson Outline

1. 
The lesson is introduced by considering the uses of air monitoring, including:

• to determine the identify of any air contaminants present

• to measure the air contaminant exposure levels to ascertain whether the level exceeds a regulatory standard

• to locate sources of air contaminants

• to determine where additional protection measures are necessary and to what substances specifically

2. 
The types of sensory awareness to toxic substances are described, and the limitations in relying on them are considered, including:

• lack of sensitivity

• variations in sensitivity

• detectable concentration may be at a higher level than the toxic concentration

3. 
The advantages & disadvantages of the different types of Indirect Air Monitoring Instruments is reviewed, including:

• Low-flow air sampling pumps

• High-flow air sampling pumps

• Passive dosimeter badges

• Radiation film badges

4. The advantages & disadvantages of the different types of Direct-Reading Air Monitoring Instruments, including:

• Indicator tubes

• Indicator badges

• Oxygen monitors

• Combustible Gas Indicator (CGI; explosimeters)

• Hydrocarbon Detector (HNU)

• Radiation meters (Geiger-Mueller Counter)

Suggestions for Development and Presentation

It would be very informative to have the different types of air monitoring instruments available to show to the students.

Depending upon the time available, use of the instruments could even be demonstrated.

References and Resources


Read “Air Monitoring”, chap. 7 from: NIOSH/OSHA/USCG/EPA; Occupational Safety and Health Guidance Manual for Hazardous Waste Site Activities; DHHS (NIOSH) Pub. No. 85-115; Oct. 1985; GPO No. 017-033-00426-9; available from: Superintendent of Documents; Government Printing Office; Washington D.C. 20402-9325; (202) 783-3238


Also read: c-10 “Ionizing Radiation”; c-18 “Air Sampling Instruments”; and c-19 “Direct-Reading Gas & Vapor Monitors” from: B. Plog; Fundamentals of Industrial Hygiene; National Safety Council; 3rd ed (1988); available from National Safety Council; Order Processing; 1815 Landmeier Road; Elk Grove Village, IL 60007-2420; (800) 621-7619 available from ACGIH; catalog no: 0670; 6500 Glenway Ave.; Bldg. D-7; Cincinnati, OH 45211; (513) 661-7881 

Schedule and Assignments

This lesson is suggested to take 3 hours of classroom instruction.

Student reading/study assignments are:

“Air Monitoring” (chap. 7) from: NIOSH/OSHA/USCG/EPA; Occupational Safety and Health Guidance Manual for Hazardous Waste Site Activities
4.  Exposure Control Methods

Intent and Purpose

In this lesson the principal control technologies that are utilized in the industrial setting to reduce worker exposure to hazardous materials will be presented. The student will be introduced to the different types of engineering controls, the principles and types of ventilation control, and examples of administrative (work practice) controls. The purpose of all of these methods is to reduce the worker’s exposure to those substances that are already known to be health hazards.

Lesson Objectives

To successfully complete this lesson, the student will be able to:

1. 
Rank the methods for controlling exposures to toxic substances in order of their preference of use, and explain why.

2. 
Describe and give an example for each of the following types of engineering controls:

• change in plant design

• substitution

• process change

• isolation

3. Describe the relationship between the size of the contaminant and the capture velocity required for its removal.

4. Compare Local Exhaust Ventilation with General (dilution) Ventilation with respect to:

• the components of the ventilation system

• the principal limitations

• the differences in the volume of replacement air required

• the typical uses for each

5. Describe the differences between a centrifugal fan system and an 

axial-flow (“tube”) fan system, including the typical uses for each type.

6. Describe each of the following types of air-cleaning devices and indicate their typical uses:

• fabric filters

• electrostatic precipitators

• air scrubbers

• carbon absorbers

7. 
List four examples of administrative controls for reducing exposure to toxic substances and describe their limitations.

8. 
Describe what information on a MSDS would be useful in helping to control a worker’s exposure to toxic substances.

Lesson Outline

1. The lesson is introduced by considering the purpose of exposure control methods, including:

• 
the settings where control is possible

•
 the principal types of control methods

• 
the order of preference in selecting the control methods

2. The different types of engineering controls are considered, including the advantages and disadvantages in:

• 
changes in plant design & equipment selection

• 
substitution of materials

• 
process changes

• 
equipment enclosure (isolation)

3. An introduction to local exhaust ventilation is presented, including:

• 
the components of the ventilation system

• 
the basic principals of operation

• 
the principal advantages

• 
the primary limitations

• 
design factors

• 
centrifugal (“curved”) versus axial-flow (“tube”) fans

4. An introduction to general (dilution) ventilation is presented, including:

• 
the components of the ventilation system

• 
the basic principals of operation

• 
the principal advantages

• 
the principal disadvantages

• 
design factors

5. The principal types of air-cleaning devices and their uses is presented, including:

• 
fabric filters

• 
electrostatic precipitators

• 
air scrubbers

• 
carbon absorbers

6. Types of administrative (work practice) controls are considered, including the benefits and limitations of:

• 
employee training

• 
work scheduling

• 
equipment maintenance

• 
employee selection & placement

• 
monitoring for contaminants

• 
recordkeeping

Suggestions for Development and Presentation

The instructor should be prepared with several specific examples for each of the various categories of control methods. The instructor should also encourage students to suggest specific examples.

References and Resources

See Lesson 3: Control Measures; pp. 3-8 to 3-14 and pp. 3-66 to 3-70 of HMTRI; Course HMT 280; Hazardous Materials Health Effects; 1988

Also see c-20 “Methods of Control”; c-21 “Industrial Ventilation”; and c-22 “General Ventilation” in: B. Plog; Fundamentals of Industrial Hygiene; National Safety Council; 3rd ed (1988); available from National Safety Council; Order Processing; 1815 Landmeier Road; Elk Grove Village, IL 60007-2420; (800) 621-7619 available from ACGIH; catalog no: 0670; 6500 Glenway Ave.; Bldg. D-7; Cincinnati, OH 45211; (513) 661-7881

Also read: “Building General Ventilation”, Chap. 7 from: L.V. Cralley & L.J. Cralley; In-Plant Practices for Job Related Health Hazards Control; vol 2: Engineering Aspects; John Wiley & Sons; 1989; (800) 225-5945 

Schedule and Assignments

This lesson is suggested to take 3 hours of classroom instruction. 

Student reading/study assignments are:

Lesson 3: Control Measures; pp. 3-8 to 3-14 and pp. 3-66 to 3-70 of HMTRI; Course HMT 280; Hazardous Materials Health Effects
5.  Personal Protective Equipment

Intent and Purpose

In this lesson the different types of Personal Protective Equipment (PPE), as well as their common uses and limitations will be presented. Personal Protective Equipment is utilized to reduce worker exposure to hazardous materials when other methods are inadequate. Included in this survey will be an analysis of those factors that should be considered in the selection of respiratory protective equipment, protective clothing, and head, eye, ear, hand and foot protection. The 4 EPA Levels of Protection will also be presented.

Lesson Objectives

To successfully complete this lesson, the student will be able to: 

1.
 Describe under what conditions Personal Protective Clothing (PPE) is required.

2. 
List 4 potential hazards in wearing & using PPE.

3. 
Describe what is permitted under the OSHA standard for workers who wear prescription glasses or contact lenses.

4. 
Explain what is the benefit in maintaining a positive pressure inside the facepiece.

5. 
List 4 limitations in using an Air Purifying Respirator (APR).

6. 
Compare the advantages & disadvantages between using a Self-Contained Breathing Apparatus (SCBA) and a Supplied-Air (Airline) Respirator (SAR).

7. 
Describe the principal components of a respiratory protection program under OSHA standard 29 CFR 1910.134.

8. 
Describe how the Protection Factor (PF) is determined, and how it is used to determine the maximum use limitation (MUL) for a given airborne contaminant.

9. 
Describe the 3 principal factors that affect chemical breakthrough time of Chemical Protective Clothing (CPC).

10.
List 5 factors, other than those having to do with chemical resistance, that should be considered when selecting CPC.

11.
Explain the units used in describing the thickness of CPC.

12.
Describe the 4 EPA levels of protection (Levels A-D) with respect to respiratory and skin protection.

Lesson Outline

1. The lesson is introduced by considering the appropriate uses of Personal Protective Equipment, including:

•
The legal requirements to use PPE

•
The purpose of PPE

•
The hazards associated with the use of PPE

2. An introduction to Respiratory Protective Equipment is presented, including:

•
Selection factors to be considered

•
General limitations in using Respiratory Protective Equipment

•
Use of the Protection Factor (PF) in calculating the maximum use limitation (MUL) for a given airborne contaminant

•
The types, uses, advantages & limitations of the Air Purifying Respirator (APR)

•
The types, uses, advantages & limitations of the Self-Contained Breathing Apparatus (SCBA)

•
The types, uses, advantages & limitations of the Supplied-Air (Airline) Respirator (SAR)

•
NIOSH and MSHA as approval agencies for Respiratory Protective Equipment

•
Regulatory requirements of a respiratory protection program 

•
The use of qualitative and quantitative fitting tests

3.An introduction to Chemical Protective Clothing (CPC) is presented, including:

•
The regulations pertaining to the use of protective clothing

•
The limitations of chemical protective clothing

•
Factors that affect chemical breakthrough time: permeation, degradation, and penetration

•
Other factors to be considered when selecting CPC

•
Examples of CPC, including their advantages & disadvantages

4. An introduction to the PPE for the different parts of the body is presented, including:

•
The types of head protection

•
The types of eye protection

•
The types of ear protection

•
The types of hand protection

•
The types of foot protection

5. The 4 EPA Levels of Protection are briefly presented by describing the type of clothing, the degree of respiratory protection, the degree of skin protection, and the indications for using:

•
Level A protection

•
Level B protection

•
Level C protection

•
Level D protection

Suggestions for Development and Presentation

In presenting this lesson the instructor should have available as many different types of PPE as possible to place on demonstration. While some students may have had much experience with PPE already, for many students this will be their first introduction to this subject. Short of having the actual equipment, or in addition to it, the instructor should utilize graphics (overheads; slides, etc.) and videos to show the full range of safety equipment available to meet the various occupational needs.

During the lesson the instructor should encourage student participation in describing the types, uses and limitations of PPE. Some are likely to have a few fascinating stories.

See Lesson 3: Control Measures; pp. 3-15 to 3-65 and pp. 3-93 to 3-

References and Resources

111 of HMTRI; Course HMT 280; Hazardous Materials Health Effects; 1988 

Read “Personal Protective Equipment”, chap. 8 from: NIOSH/OSHA/USCG/EPA; Occupational Safety and Health Guidance Manual for Hazardous Waste Site Activities; DHHS (NIOSH) Pub. No. 85-115; Oct. 1985; GPO No. 017-033-00426-9; available from: Superintendent of Documents; Government Printing Office; Washington D.C. 20402-9325; (202) 783-3238

NIOSH; Pocket Guide to Chemical Hazards (NIOSH Pub. No: 85-114); pp. 23-29; latest edition; available from the U.S. Government Printing Office

Also see c-23 “Respiratory Protective Equipment”; c-21 “Industrial Ventilation”; and c-22 “General Ventilation” in: B. Plog; Fundamentals of Industrial Hygiene; National Safety Council; 3rd ed (1988); available from National Safety Council; Order Processing; 1815 Landmeier Road; Elk Grove Village, IL 60007-2420; (800) 621-7619 available from ACGIH; catalog no: 0670; 6500 Glenway Ave.; Bldg. D-7; Cincinnati, OH 45211; (513) 661-7881

Read “Personnel Protective Equipment” in: EPA Training Manual 165.5: Hazardous Materials Incident Response Operations; available from ACGIH; catalog no: 3110; 6500 Glenway Ave.; Bldg. D-7; Cincinnati, OH 45211; (513) 661-7881

Schedule and Assignments

This lesson is suggested to take 3 hours of classroom instruction.

Student reading/study assignments are:

Lesson 3: Control Measures; pp. 3-15 to 3-65 and pp. 3-93 to 3-111 of HMTRI; Course HMT 280; Hazardous Materials Health Effects
Read “Personal Protective Equipment”, chap. 8 from: NIOSH/OSHA/USCG/EPA; Occupational Safety and Health Guidance Manual for Hazardous Waste Site Activities
Read pp. 23-29; NIOSH; Pocket Guide to Chemical Hazards
6.  Medical Surveillance Program

Intent and Purpose

In this lesson the principles of a medical surveillance program will be introduced, and its use in complementing other exposure control methods will be considered. The types of medical screening tests and biological monitoring tests will be presented along with examples of toxic substances that can be assessed by each type of test. In addition the use of the Material Safety Data Sheet will be considered, especially focusing on Section 2 (Exposure Limits) and Section 6 (Health Hazard Data/Clinical Symptoms/First-Aid).

Lesson Objectives

To successfully complete this lesson, the student will be able to:

1. 
Describe which workers are required by the OSHA standard to be in a medical surveillance program.

2. 
Explain the value of medical surveillance.

3. 
List 7 factors that could affect an individual’s particular response to an exposure.

4. 
Define “total body burden”.

5. 
Describe the components of a Medical Surveillance Program.

6. 
Describe the rights of the worker in obtaining medical records.

7. 
Describe 3 categories of Biological Exposure Indices.

8. 
Identify an example of a common workplace substance being monitored for each of the following tests:

• urine tests

• blood analysis

• breath analysis

• hair analysis

• liver enzyme tests

• kidney function tests

9. Describe the types of information included in each of the seven sections of the MSDS.

Lesson Outline

1. The lesson is introduced by considering the purpose of medical surveillance, including:

• The legal requirements conducting medical surveillance

• Factors that can affect an individual’s total body burden

2. The components of a Medical Surveillance Program are presented, including:

• Pre-employment medical screenings

• Annual (or more frequent) medical updates

• Biological monitoring for specific exposures

• Provisions for first-aid & medical emergencies

• Maintenance of medical records & reports of occupational injuries & illnesses

3. The types of Medical Screening Tests is presented, including:

• Physical examination

• Vision tests hearing (audiometric) tests

• EKG

• Chest X-rays

• Pulmonary Function Tests

• Liver Function Tests Kidney Function Tests

• Complete blood cell count & analysis (CBC)

4. The types of Biological monitoring tests is presented, including: 

• The purpose of the tests

• Use of Biological Exposure Indices (BEI’s)

• Urine Tests

• Blood Analysis

• Breath Analysis

• Hair & Nails Analysis

5. The Use of Material Safety Data Sheets (MSDS)

Suggestions for Development and Presentation

Instructors presenting this lesson might wish to review their clinical physiology. A very good review of clinical laboratory tests that I would suggest is: Kathleen M. Treseler; Clinical Laboratory Tests; Significance and Implications for Nursing; Prentice-Hall; 1982. I would also suggest showing students one or more examples of a blood and urinalysis laboratory report, available from hospitals, etc.

This lesson would lend itself to inviting an industrial hygienist, occupational health nurse, occupational health physician, or public health officer to speak to the class.

References and Resources

See Lesson 3: Control Measures; p. 3-69 of HMTRI; Course HMT 280; Hazardous Materials Health Effects, 1988 

Read “Medical Program”, chap. 5 from: NIOSH/OSHA/USCG/EPA; Occupational Safety and Health Guidance Manual for Hazardous Waste Site Activities; DHHS (NIOSH) Pub. No. 85-115; Oct. 1985; GPO No. 017-033-00426-9; available from: Superintendent of Documents; Government Printing Office; Washington D.C. 20402-9325; (202) 783-3238 

Read: “Material Safety Data Sheet (MSDS) from: Hazard Communication: A Compliance Kit (OSHA Pub. no. 3104); U.S. Dept. of Labor; 1988

Also read: “Industrial Toxicology”, pp. 377-383 (chap. 15) from: B. Plog; Fundamentals of Industrial Hygiene; National Safety Council; 3rd ed (1988); available from National Safety Council; Order Processing; 1815 Landmeier Road; Elk Grove Village, IL 60007-2420; (800) 621-7619 available from ACGIH; catalog no: 0670; 6500 Glenway Ave.; Bldg. D-7; Cincinnati, OH 45211; (513) 661-7881

This lesson is suggested to take 3 hours of classroom instruction.

Schedule and Assignments

Student reading/study assignments are:

Lesson 3: Control Measures; p. 3-69 of HMTRI; Course HMT 280; Hazardous Materials Health Effects
Students should have the “Medical Program”, chap. 5 from: NIOSH/OSHA/USCG/EPA; Occupational Safety and Health Guidance Manual for Hazardous Waste Site Activities to read
